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ISOLATED, NUCLEIC ACID MOLECULES WHICH 
CODE FOR GAGE TUMOR REJECTION ANTIGEN, THE 
TUMOR REJECTION ANTIGEN, AND USES THEREOF 

RELATED APPLICATION 

5 This application is a continuation-in-part of Serial No. 
08/531,662, filed September 21, 1995, which is a 
continuation-in-part of copending Serial No. 08/370,648 filed 
January 10, 1995, which is a continuation-in-part of co- 
pending patent application Serial No. 08/250,162 filed on May 

0 27, 1994, which is a continuation-in-part of Serial No. 
08/096,039 filed July 22, 1993. Both of these applications 
are incorporated by reference. 

FIELD OF THE INVENTION 

This invention relates to a nucleic acid molecule which 
5 codes for a tumor rejection antigen precursor. More particu- 
larly, the invention concerns genes, whose tumor rejection 
antigen precursor is processed, inter alia, into at least one 
tumor rejection antigen that is presented by HLA-Cw6 mole- 
cules. The genes in question do not appear to be related to 
0 other known tumor rejection antigen precursor coding se- 
quences. The invention also relates to peptides presented by 
the HLA-Cw6 molecules, and uses thereof. Also a part of the 
inventions are peptides presented by HLA-A2 9 molecules, and 
uses thereof. 

5 BACKGROUND AND PRIOR ART 

The process by which the mammalian immune system recog- 
nizes and reacts to foreign or alien materials is a complex 
one. An important facet of the system is the T lymphocyte, 
or M T cell" response. This response requires that T cells 

0 recognize and interact with complexes of cell surface mole- 
cules, referred to as human leukocyte antigens ("HLAs"), or 
major histocompatibility complexes ("MHCs")/ and peptides. 
The peptides are derived from larger molecules which are 
processed by the cells which also present the HLA/MHC mole- 

5 cule. See in this regard Male et al . , Advanced Immunology 
(J. P. Lipincott Company, 1987), especially chapters 6-10. 
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The interaction of T cells and HLA/peptide complexes is 
restricted, requiring a T cell specific for a particular 
combination of an HLA molecule and a peptide. If a specific 
T cell is not present, there is no T cell response even if 
5 its partner complex is present. Similarly, there is no 
response if the specific complex is absent, but the T cell is 
present. This mechanism is involved in the immune system's 
response to foreign materials, in autoimmune pathologies, and 
in responses to cellular abnormalities. Much work has fo- 

10 cused on the mechanisms by which proteins are processed into 
the HLA binding peptides. See, in this regard. Barinaga, 
Science 257: 880 (1992); Fremont et al . , Science 257: 919 
(1992); Matsumura et al . , Science 257: 927 (1992); Latron et 
al., Science 257: 964 (1992). Also see Engelhard, Ann. Rev. 

15 Immunol. 12: 181-207 (1994). 

The mechanism by which T cells recognize cellular abnor- 
malities has also been implicated in cancer. For example, in 
PCT application PCT/US92/04354, filed May 22, 1992, published 
on November 26, 1992. and incorporated by reference, a family 

20 of genes is disclosed, which are processed into peptides 
which, in turn, are expressed on cell surfaces, which can 
lead to lysis of the tumor cells by specific CTLs cytolytic 
T lymphocytes, or "CTLs" hereafter. The genes are said to 
code for "tumor rejection antigen precursors" or " TRAP" 

25 molecules, and the peptides derived therefrom are referred to 
as "tumor rejection antigens" or "TRAs". See Traversari et 
al., Immunogenetics 35: 145 (1992); van der Bruggen et al . , 
Science 254: 1643 (1991), for further information on this 
family of genes. Also, see U.S. patent application Serial 

30 Number 807,043, filed December 12, 1991, now U.S. Patent No. 
5,342,774. 

In U.S. patent application Serial Number 938,334, now 
U.S. Patent No. 5,405,940, the disclosure of which is incor- 
porated by reference, it is explained that the MAGE- 1 gene 
35 codes for a tumor rejection antigen precursor which is pro- 
cessed to nonapeptides which are presented by the HLA- Al 
molecule. The reference teaches that given the known speci- 
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ficity of particular peptides for particular HLA molecules, 
one should expect a particular peptide to bind to one HLA 
molecule, but not to others. This is important, because 
different individuals possess different HLA phenotypes. As 

5 a result, while identification of a particular peptide as 
being a partner for a specific HLA molecule has diagnostic 
and therapeutic ramifications, these are only relevant for 
individuals with that particular HLA phenotype . There is a 
need for further work in the area, because cellular abnormal - 

0 ities are not restricted to one particular HLA phenotype, and 
targeted therapy requires some knowledge of the phenotype of 
the abnormal cells at issue. 

In U.S. Patent Application Serial Number 008,446, filed 
January 22, 1993 and incorporated by reference, the fact that 

5 the MAGE-1 expression product is processed to a second TRA is 
disclosed. This second TRA is presented by HLA-C clone 10 
molecules. The disclosure shows that a given TRAP can yield 
a plurality of TRAs . 

U.S. Patent Application Serial Number 994,928, filed 

0 December 22, 1992, and incorporated by reference herein 
teaches that tyrosinase, a molecule which is produced by some 
normal cells (e.g., melanocytes), is processed in tumor cells 
to yield peptides presented by HLA-A2 molecules. 

In U.S. patent application Serial No. 08/032,978, filed 

5 March 18, 1993, and incorporated by reference in its en- 
tirety, a second TRA, not derived from tyrosinase is taught 
to be presented by HLA-A2 molecules. The TRA is derived from 
a TRAP, but is coded for by a non-MAGE gene. This disclosure 
shows that a particular HLA molecule may present TRAs derived 

0 from different sources. 

In U.S. patent application Serial No. 08/079,110, filed 
June 17, 1993 and incorporated by reference herein, an unre- 
lated tumor rejection antigen precursor, the so-called "BAGE" 
precursor is described. The BAGE precursor is not related to 

5 the MAGE family. 

The work which is presented by the papers, patents, and 
patent applications cited supra deals, in large part, with 



> » 
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the MAGE family of genes, and the unrelated BAGE gene. It 
has now been found, however, that additional tumor rejection 
antigen precursors are expressed by. cells. These tumor 
rejection antigen precursors are referred to as "GAGE- tumor 
5 rejection antigen precursors. They do not show homology to 
either the MAGE family of genes or the BAGE gene. Thus the 
present invention relates to genes encoding such TRAPs, the 
tumor rejection antigen precursors themselves as well as 
applications of both. 
10 Thus, another feature of the invention are peptides 

which are anywhere from 9 to 16 amino acids long, and com- 
prise the sequence: 

Xaa (1 2) Trp Xaa Xaa Xaa Xaa Xaa Tyr 
(SEQ ID NO: 23) 

15 where Xaa is any amino acid and Xaa (: 2) means that 1 or 2 
amino acids may be N- terminal to the Trp residue. These 
peptides bind to, and/or are processed to peptide which bind 
to HLA-A29 molecules. 

The invention is elaborated upon further in the disclo- 
20 sure which follows. 

BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 sets forth lysis studies using CTL clone 76/6. 

Figure 2 shows tumor necrosis factor ( " TNF " ) release assays 
obtained with various transf ectants and controls. 

25 Figure 3 compares lysis induced by cytolytic T lymphocytes of 
clone CTL 76/6. Peptides of varying length were tested, 
including SEQ ID NO: 4. 

Figure 4 presents an alignment of the cDNAs of the six GAGE 
genes discussed herein. In the figure, identical regions are 
30 surrounded by boxes. Translation initiation sites and stop 
codons are also indicated. Primers, used in polymerase chain 
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reaction as described in the examples, are indicated by- 
arrows . 

Figure 5 sets forth the alignment of deduced amino acid 
sequences for the members of the GAGE family. Identical 
5 regions are shown by boxes, and the antigenic peptide of SEQ 
ID NO: 4 , is shown. 

Figure 6 shows the results obtained when each of the GAGE 
cDNAs was transfected into COS cells, together with HLA-Cw6 
cDNA. Twenty- four hours later, samples of CTL 76/6 were 
10 added, and TNF release was measured after twenty-four hours. 

Figure 7 compares the stimulation of CTL 22/23 by COS-7 
cells, transfected with HLA-A2 9 cDNA, a MAGE, BAGE, or GAGE 
sequence, as shown. Control values are provided by MZ2- 
MEL.43 and COS cells, as stimulators. 

15 Figure 8 presents results obtained from 51 Cr release studies, 
using various peptides including SEQ ID NO: 22 and various 
peptides derived therefrom. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Example 1 

20 A melanoma cell line, MZ2-MEL was established from 

melanoma cells taken from patient MZ2 , using standard method- 
ologies. This cell line is described, e.g., in PCT Applica- 
tion PCT/US92/04354 , filed May 22, 1992, published November 
26, 1992, and incorporated by reference in its entirety. 

25 Once the cell line was established, a sample thereof was 
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irradiated, so as to render it non-prolif erative . These 
irradiated cells were then used to isolate cytolytic T cell 
clones ("CTLs") specific thereto. 

A sample of peripheral blood mononuclear cells ("PBMCs") 
5 was taken from patient MZ2 , and contacted to the irradiated 
melanoma cells. The mixture was observed for lysis of the 
melanoma cells, which indicated that CTLs specific for a 
complex of peptide and HLA molecule presented by the melanoma 
cells were present in the sample. 
LO The lysis assay employed was a chromium release assay 

following Herin et al . , Int. J. Cancer 39 : 390-396 (1987), the 
disclosure of which is incorporated by reference. The assay, 
however, is described herein. The target melanoma cells were 
grown in vitro, and then resuspended at 10 7 cells/ml in DMEM, 
.5 supplemented with 10 mM HEPES and 30% FCS, and incubated for 
45 minutes at 37°C with 200 /xCi/ml of Na( 51 Cr)0 4 . Labelled 
cells were washed three times with DMEM, supplemented with 10 
mM Hepes. These were then resuspended in DMEM supplemented 
with 10 mM Hepes and 10% FCS, after which 100 ul aliquots 
0 containing 10* cells, were distributed into 96 well micro- 
plates. Samples of PBLs were added in 10 0 fil of the same 
medium, and assays were carried out in duplicate. Plates 
were centrifuged for 4 minutes at lOOg, and incubated for 
four hours at 3 7 °C in an 8% C0 2 atmosphere. 
5 Plates were centrifuged again, and 100 ul aliquots of 

supernatant were collected and counted. Percentage of * J Cr 
release was calculated as follows: 
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% 51 Cr release = (ER-SR) x 100 

(MR-SR) 

where ER is observed, experimental 51 Cr release, SR is sponta- 
neous release measured by incubating 10 3 labeled cells in 200 
5 ul of medium alone, and MR is maximum release, obtained by 
adding 100 ul 0.3% Triton X-100 to target cells. 

Those mononuclear blood samples which showed high CTL 
activity were expanded and cloned via limiting dilution, and 
were screened again, using the same methodology. The CTL 

10 clone MZ2-CTL 76/6 was thus isolated. The clone is referred 
to as "76/6" hereafter. 

The same method was used to test target K562 cells, as 
well as the melanoma cell line. Figure 1 shows that this CTL 
clone recognizes and lyses the melanoma cell line, i.e. MZ2- 

15 MEL but not K562 . The clone was then tested against other 
melanoma cell lines and autologous EBV- transformed B cells in 
the same manner described supra . Figure 1 shows that autolo- 
gous B cells, transformed by Epstein Barr Virus ("EBV") were 
not lysed, and that while MZ2-MEL 3.0 was lysed by CTL clone 

20 76/6, the cell line MZ2-MEL.4F", a variant which does not 
express antigen F was not. Hence, the clone appears to be 
specific for this antigen. 

The results presented supra are inconclusive as to which 
HLA molecule presents the TRA. The lysed cell line, i.e., 

25 MZ2-MEL, is known to express HLA-A1 , HLA-A29, HLA-B37 , HLA- 
B44, HLA-Cw6, and HLA-C clone 10. In experiments not re- 
ported here but which follow the protocol of this example, a 
subline of MZ2-MEL was tested, which had lost expression of 
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HLA molecules A29, B44, and C clone 10. The subline was 
lysed f thus indicating that the presenting molecule should be 
one of Al, B37 # or Cw6 . 

Example 2 

5 Further studies were carried out to determine if 76/6 

also produced tumor necrosis factor ("TNF" ) when contacted 
with target cells. The method used was that described by 
Traversari et al . . Immunogenetics 35: 145-152 (1992), the 
disclosure of which is incorporated by reference. Briefly, 

10 samples of the CTL line were combined with samples of a 
target cell of interest in culture medium. After 24 hours, 
supernatant from the cultures was removed, and then tested 
on TNF-sensitive WEHI cells. Cell line MZ2-MEL.43, a sub- 
clone of the MZ2-MEL cell line discussed supra as well as in 

15 the cited references, gave an extremely strong response, and 
was used in the following experiments. 

Example 3 

The results from Example 2 indicated that MZ2.MEL.43 
presented the target antigen of interest. As such, it was 
20 used as a source of total mRNA to prepare a cDNA library. 

Total RNA was isolated from the cell line. The mRNA was 
isolated using an oligo-dT binding kit, following well recog- 
nized techniques. Once the mRNA was secured, it was tran- 
scribed into cDNA, via reverse transcription, using an oligo 
25 dT primer containing a NotI site, followed by second strand 
synthesis. The cDNA was then ligated to a BstXI adaptor, 
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digested with Not I, size fractionated on a Sephacryl S-500 HR 
column, and then cloned, undirectionally , into the BstXI and 
Not I sites of pcDNA-I-Amp. The recombinant plasmid was then 
electroporated into DH5a E. coli bacteria. A total of 1500 
5 pools of 100 recombinant bacteria were seeded in microwells. 
Each contained about 100 cDNAs, because nearly all bacteria 
contained an insert. 

Each pool was amplified to saturation and plasmid DNA 
was extracted by alkaline lysis and potassium acetate precip- 
10 itation, without phenol extraction. 

Example 4 

Following preparation of the library described in Exam- 
ple 3, the cDNA was transfected into eukaryotic cells. The 
transf ections, described herein, were carried out in dupli- 

15 cate. Samples of COS-7 cells were seeded, at 15,000 cells/ 
well into tissue culture flat bottom microwells, in Dul- 
becco's modified Eagles Medium ("DMEM") supplemented with 10% 
fetal calf serum. The cells were incubated overnight at 
37°C, medium was removed and then replaced by 50 /il/well of 

20 DMEM medium containing 10% Nu serum, 400 ^g/ml DEAE-dextran, 
and 100 ^M chloroquine, plus 100 ng of the plasmids. As was 
indicated supra , the lysis studies did not establish which 
HLA molecule presented the antigen. As a result, cDNA for 
each of the HLA molecules which could present the antigen 

25 (Al , B37, Cw6) was used, separately, to cotransfect the 
cells. Specifically, one of 28 ng of the gene encoding HLA- 
Al, cloned into pCD-SRa was used, as were 50 ng of cDNA for 
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HLA-B37 in pcDNA-I-Amp, or 75 ng of cDNA for HLA-Cw6 in 
pcDNAl/Amp, using the same protocol as was used for trans- 
feet ion with the library. 

Transfection was made in duplicate wells, but only 500 
5 pools of the HLA-Cw6 transf ectants could be tested in single 
wells. Following four hours of incubation at 37°C, the 
medium was removed, and replaced by 50 /il of PBS containing 
10% DMSO. This medium was removed after two minutes and 
replaced by 200 /il of DMEM supplemented with 10% FCS . 

10 Following this change in medium, COS cells were incu- 

bated for 24-48 hours at 37°C. Medium was then discarded, 
and 1000-3000 cells of CTL clone 76/6 were added, in 100 /il 
of Iscove's medium containing 10% pooled human serum supple- 
mented with 20-30 U/ml of IL-2 . Supernatant was removed 

15 after 24 hours, and TNF content was determined in an assay on 
WEHI cells, as described by Traversari et al . , Immunogenetics 
35: 145-152 (1992), the disclosure of which is incorporated 
by reference. 

The 1500 pools transf ected with HLA-A1, and the 1500 
20 pools transfected with HLA-B37 stimulated TNF release to a 
concentration of 15-20 pg/ml, or 2-6 pg/ml , respectively. 
Most of the HLA-Cw6 transf ectant s yielded 3-20 pg/ml, except 
for one pool, which yielded more than 60 pg/ml. This pool 
was selected for further work. 



25 Example 5 

The bacteria of the selected pool were cloned, and 600 
clones were tested. Plasmid DNA was extracted therefrom, 
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transfected into a new sample of COS cells in the same manner 
as described supra , and the cells were again tested for 
stimulation of CTL clone 76/6. Ninety-four positive clones 
were found. One of these, referred to as cDNA clone 2D6, was 
5 tested further. In a comparative test COS cells were trans- 
fected with cDNA clone 2D6 and the HLA-Cw6 cDNA, HLA-Cw6 cDNA 
alone, or cDNA 2D6 alone. Control cell lines MZ2-MEL F" and 
MZ2-MEL F + were also used. TNF release into CTL supernatant 
was measured by testing it on WEHI cells, as referred to 

10 supra . The number of surviving WEHI cells was measured by 
optical density after incubation of the cells with MTT. 
Figure 2 shows that the COS cells transfected with HLA-Cw6 
and cDNA - 2D6 , and the cell line MZ2-MEL F* stimulated TNF 
release from CTL clone 76/6, indicating that HLA-Cw6 pre- 

15 sented the subject TRA. 

Example 6 

The cDNA 2D6 was sequenced following art known tech- 
niques. A sequence search revealed that the plasmid insert 
showed no homology to known genes or proteins. SEQ ID NO: 1 
20 presents cDNA nucleotide information for the identified gene, 
referred to hereafter as "GAGE". A putative ■ open reading 
frame is located at bases 51-467 of the molecule. The first 
two bases of this sequence are from the vector carrying the 
cDNA sequence, and are thus not part of the cDNA itself. 
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Example 7 

Following sequencing of the cDNA, as per Example 6, 
experiments were carried out to determine if cells of normal 
tissues expressed the gene. To determine this, Northern 
5 blotting was carried out on tissues and tumor cell lines, as 
indicated below. The blotting experiments used cDNA for the 
complete sequence of SEQ ID NO: 1. PCR was then used to 
confirm the results. 

Table 1. Expression of gene GAGE 

10 Normal tissues 

PHA activated T cells 
CTL clone 82/30 
Liver 

Muscle 7 
1 5 Lung 

Brain 
Kidney- 
Placenta 
Heart 

20 skin 

Testis . 



Tumor cell lines 
Melanoma 



7/16 



25 Sarcoma 



Lung Carcinoma 2/6 

Sarcoma q/^ 

Thyroid medullary carcinoma o/l 

Tumor samples 



Melanoma 



1/1 
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Example 8 

Detailed analysis of normal tissues and tumors was 
carried out by applying polymerase chain reaction ("PCR") and 
the GAGE gene information described supra. 
5 First, total RNA was taken from the particular sample, 

using art recognized techniques. This was used to prepare 
cDNA. The protocol used to make the cDNA involved combining 
4 ul of reverse transcriptase buffer 5x, 1 ul of each dNTP, 
(10 mM) , 2 ul of dithiothreitol (100 mM) , 2 ul of dT-15 
10 primer (20 urn), 0.5 ul of RNasin (40 units/ul) , and 1 ul of 
MoMLV reverse transcriptase (200 units/ul). Next, 6.5 ul of 
template RNA (1 ug/3.25 ul water, or 2 ug total template RNA) 
was added. The total volume of the mixture was 20 ul . This 
was mixed and incubated at 42 °C for 60 minutes, after which 
15 it was chilled on ice. A total of 80 ul of water was then 
added, to 100 ul total. This mixture was stored at -20°C 
until used in PCR. 

To carry out PCR, the primers 
5'-AGA CGC TAC GTA GAG CCT-3' 
20 (sense) 

and 

5' -CCA TCA GGA CCA TCT TCA-3' 
(antisense) 

SEQ ID NOS: 2 and 3, respectively, were used. The reagents 
25 included 30.5 ul water, 5 ul of PCR buffer lOx, 1 ul of each 
dNTP (10 uM) , 2.5 ul of each primer (20 uM) , and 0.5 ul of 
polymerizing enzyme "Dynazyme (2 units/ul) . The total volume 
was 4 5 ul. A total of 5 ul of cDNA was added (this corre- 



W ° 97/49417 PCT/US97/10850 

14 

sponded to 100 ng total RNA) . The mixture was combined, and 
layered with one drop of mineral oil. The mixture was trans- 
ferred to a thermocycler block, preheated to 94 °c, and ampli- 
fication was carried out for 30 cycles, each cycle consisting 
5 of the following: 

first denaturation: 94 °C, 4 min. 

denaturation: 94 °C, 1 min. 

annealing: 55°C, 2 min. 

extension: 72°C, 3 min. 

10 final extension: 72 °C, 15 min. 

Following the cycling, 10 ul aliquots were run on a 1.5% 

agarose gel, stained with ethidium bromide. 

cDNA amplified using the primers set forth supra yields 

a 238 base pair fragment. There is no amplification of 
15 contaminating genomic DNA, if present. 

The results are presented in Table 2, which follows. 

They confirm that the only normal tissue which expresses GAGE 

is testis, whereas a number of tumors, including melanoma, 

lung, breast, larynx, pharynx, sarcoma, testicular seminoma, 
20 bladder and colon express the gene. Thus, any one of these 

tumors can be assayed for by assaying for expression of the 

GAGE gene. 
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Table 2 



RT-PCR inslyslt of the txprtssloa ©f gene CAGE 



NORMAL TISSUES 

Hem 

BrtU 

Liver 

L«»j 

Kldiey 

Spies* 

Lymphocytes 

Bone sinow 

Skli 

Nscvqi 

Meltfiocyut 

Fibroblasts 

Prosiste 

Teitii 

Ovary 

BrciM 

AdfCBiU 

Muscle 

PUCCBlt 

UabHicsJ Cord 



TUMORS 



Ctll lines 



Tom or samples 



Melssont 

Lusf cmcer 

Epidermoid circle cms 
Adesoesreifioms 
Sci]) Cell Lqe{ Caacer 

Brestt cascer 

Kesd and Neck waor 
Lsry&x 
Pbsrysx 

Sarcoma 

Testicular seoIaoBs 
Bladder csDeet 
Prostate caaeer 
Colofi carcl&oma 
Reel) csscex 
Leukemia 



40/63 



6/23 



467146 (32%) 



1/4 



5/13 

0/6 

3/6 



10/41 
4/lt 
0/2 



6715 
3/13 

6711 

676 

3/37 

2/20 

0/31 

0/45 

0/19 



(24%) 



15/146 (10%) 



(40%) 

(33%) 

(100%) 
04%) 
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Example 9 

The identification of the nucleic acid molecule referred 
to in the prior examples led to further work directed to the 
determination of tumor rejection antigens presented by HLA- 
5 Cw6 molecules, and derived from the GAGE gene. 

The complete cDNA of GAGE in expression vector pcDNAI/ 
Amp was digested with restriction endonucleases Not I and 
SpHI, and then with exonuclease III following supplier's 
instruction (Erase-a-base System, Promega) . This treatment 
10 generated a series of progressive deletions, starting at the 
3 'end. 

The deletion products were ligated back into pcDNAI/Amp, 
and then electroporated into E. coli strain DH5c* ' IQ, using 
well known techniques. The transf ormants were selected with 
15 ampicillin (50 micrograms/ml ) . 

Plasmid DNA was extracted from each recombinant clone 
and was then transfected into COS-7 cells, together with a 
vector which coded for HLA-Cw6. The protocols used follow 
the protocols described above. 
20 The transfectants were then tested in the TNF release 

assay. This permitted separation of positive and negative 
clones. All the negative clones showed a deletion of the 
entire GAGE sequence. The smallest positive clone contained 
the first 170 nucleotides of SEQ ID NO: 1. The analysis of 
25 this sequence, supra, notes that the open reading frame 
starts at nucleotide 51. Thus, this fragment contains a 
sequence which encodes the first 4 0 amino acids of the GAGE 
TRAP. 
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Example 10 

Additional experiments were then carried out to define 
the region encoding the TRA peptide more precisely. Polymer- 
ase chain reaction {"PGR") amplification was used to do this. 
5 Two primers were synthesized. The first primer was a 

22-mer complementary to a sequence within the plasmid vector 
pcDNAl/Amp located upstream of a BamHI site. The second 
primer was a 29-mer containing at the 3 ' end nucleotides 102- 
119 of SEQ ID NO: 1, and at the 5 ' end an extension of 11 

10 nucleotides containing an Xbal restriction site. 

Following amplification, the PCR product was digested by 
BamHI and Xbal, and cloned into the BamHI-Xbal sites of 
plasmid pcDNA-3. The recombinant colonies were cotransf ected 
into COS-7 cells with cDNA encoding HLA-Cw6, in accordance 

15 with Example 4, and a TNF release assay, also as described 
supra , was carried out, using CTL 76/6. 

TNF release was observed, indicating that the "minigene" 
was processed to a TRA. The minigene, i.e., nucleotides 1- 
119 of SEQ ID NO: 1, the coding region of which runs from 

20 nucleotides 51-119 encoded the first 23 amino acids of the 
cDNA of SEQ ID NO: 1. This information served as the basis 
for the next set of experiments. 

Example 11 

Two peptides were synthesized, based upon the first 23 
25 amino acids of SEQ ID NO: 1. These were: 



Met Ser Trp Arg Gly Arg Ser Thr Tyr Arg Pro Arg Pro Arg Arg 
(SEQ ID NO: 2) 
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and 

Thr Tyr Arg Pro Arg Pro Arg Arg Tyr Val Glu Pro Pro Glu Met 
lie 

(SEQ ID NO: 3) 

5 Each peptide was pulsed into COS-7 cells previously trans- 
fee ted with HLA-Cw6 cDNA, and combined with CTL 76/6 to 
determine if TNF release would be induced. Peptides (20 
ug/ml) were added to COS-7 cells which had been transfected 
with the HLA-Cw6 cDNA twenty- four hours previously. After 

10 incubation at 37°C for 90 minutes, medium was discarded, and 
3000 CTLs were added in 100 microliters of medium, containing 
25 units/ml of IL-2. Eighteen hours later, TNF content of 
supernatant was tested via determining toxicity on WEHI-164- 
13 cells. The second peptide (SEQ ID NO: 3) was found to 

15 induce more than 30 pg/ml of TNF , while the first peptide 
(SEQ ID NO: 2) , was found to induce less than 10 pg/ml of 
TNF. The second peptide was used for further experiments. 



Example 12 

Various peptides based upon SEQ ID NO: 3 were synthe- 
20 sized, and tested, some of which are presented below. To 
carry out these tests, sl Cr labelled LB33-EBV cells, which are 
HLA-CwS positive, were incubated with one of the following 
peptides -. 

Tyr Arg Pro Arg Pro Arg Arg Tyr 
25 (SEQ ID NO: 4) 

Thr Tyr Arg Pro Arg Pro Arg Arg Tyr 

(SEQ ID NO: 5) 

Tyr Arg Pro Arg Pro Arg Arg Tyr Val 

(SEQ ID NO: 6) 
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Thr Tyr Arg Pro Arg Pro Arg Arg Tyr Val 

(SEQ ID NO: 7) 

Arg Pro Arg Pro Arg Arg Tyr Val Glu 

(SEQ ID NO: 8) 

5 Met Ser Trp Arg Gly Arg Ser Thr Tyr Arg Pro Arg Pro Arg Arg 

(SEQ ID NO: 2) 

The peptide concentration varied, as indicated in figure 3, 
and the ratio of CTL: LB33-EBV ("effector: target ratio"), 
was 10:1. 51 Cr release was determined after four hours of 

10 incubation at 37°C. Levels of lysis for positive ("F*" , MZ2- 
MEL.3.1), and negative ( " F" " ; MZ2 -MEL. 2.2.5) control cells 
are indicated, in figure 3. 

It was found, quite surprisingly, that the octamer of 
SEQ ID NO: 4 was the best peptide, and appeared to be the 

15 tumor rejection antigen. This is the first time an octamer 
has been reported as being involved in presentation by a 
human MHC molecule. There is some precedent for a murine 
system, as reported by Engelhard, supra . at 199, for H-2K b 
and H - 2K K molecules. The nonamers of SEQ ID NO: 5 and SEQ ID 

20 NO: 6 also induced CTL lysis albeit to a lesser extent than 
the octamer of SEQ ID NO: 4. 

In results not reported here, a second CTL was tested 
(CTL 82/31) . This CTL was known to lyse cells presenting 
MZ2-F. It, too, lysed HLA-Cw6 positive cells following 

25 pulsing with the peptide of SEQ ID NO: 4. 
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Example 13 

To find out whether the GAGE DNA set forth supra was 
unique, a cDNA library made with RNA from MZ2-MEL.43 (the 
same library that was used for the cloning of GAGE) was 
5 hybridized with a probe derived from the GAGE cDNA . The 
probe was a PCR fragment of 308 base pairs between positions 
20 and 328 of SEQ ID NO: 1. Twenty positive cDNAs were 
obtained. Six of them were entirely sequenced. They were 
all highly related to the GAGE sequence, but they were 

10 slightly different from it. Two of the six clones were 
identical to each other, but all the others differed from 
each other. Thus, five new sequences different from but 
highly related to GAGE were identified. They are called 
GAGE - 2 , 3, 4, 5 and 6 (Figure 4). The fourteen other clones 

15 were partially sequenced at the 5' end and their sequence 
corresponded to one of the six GAGE cDNAs . 

The major difference between these cDNAs and GAGE- 1 is 
the absence of a stretch of 143 bases located at position 379 
to 521 of the GAGE sequence of SEQ ID NO: 1. The rest of the 

20 sequences shows mismatches only at 19 different positions, 
with the exception of GAGE -3 whose 5' end is totally different 
from the other GAGE for the first 112 bases. This region of 
the GAGE- 3 cDNA contains a long repeat and a hairpin struc- 
ture . 

25 The deduced GAGE - 1 protein corresponding to a tumor 

rejection antigen precursor is about 20 amino acids longer 
than the 5 other proteins, whose last seven residues also 
differ from the homologous residues of GAGE- 1 (Figure 5) 
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The rest of the protein sequences show only 10 mismatches. 
One of these is in the region corresponding to the antigenic 
peptide of SEQ ID NO: 4. The sequence of the peptide is 
modified in GAGE- 3, 4, 5 and 6 so that position 2 is now W 
5 instead of R. 

Example 14 

To assess whether the change at position 2 affected the 
antigenicity of the peptide, cDNA of the 6 GAGE cDNAs were 
individually transfected into COS cells together with the 

10 cDNA of HLA-Cw6, and the transf ect ants were tested for recog- 
nition by CTL 76/6 as described, supra . Only GAGE - 1 and 
GAGE-2 transfected cells were recognized, showing that the 
modified peptide encoded by GAGE- 3, 4, 5 and 6 was not anti- 
genic in the context of this experiment. Sequence analysis 

15 of the 5' end of the 14 other clones mentioned supra, showed 
that 7 of them contained the sequence encoding the antigenic 
peptide, and thus probably corresponded to either GAGE - 1 or 
GAGE-2. 

Exampl e 15 

20 The PCR primers used, supra to test the expression of 

GAGE in tumor samples do not discriminate between GAGE - 1 or 
2 and the four other GAGE cDNAs that do not encode antigen 
MZ2F. A new set of primers was prepared which specifically 
amplifies GAGE- 1 and 2, and not GAGE- 3, 4, 5 and 6. These 

25 primers are: 
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VDE44 5'-GAC CAA GAC GCT ACG TAG - 3 ' (SEQ ID NO- 9) 

VDE24 5' -CCA TCA GGA CCA TCT TCA-3' {SEQ ID NO: 10) 

These primers were used as described, supra . in a RT-PCR 
reaction using a polymerase enzyme in the following tempera- 
5 ture conditions: 



4 min at 94 °C 

30 cycles with 1 min at 94°C 

2 min at 56°C 

3 min at 72°C 

10 15 min at 72°C 



The results of this analysis are set forth in Table 3 
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Table 3 

ExpreuJon of GAGS oenei by tumor ample* and tumor cell foe* 



Ki*tologlc* typt 


Number of GAGT poslth/t tumors 




AI GAGE gtrtti* 


GAGM Vtif 














primiry lesion* 


5/39 


109 (13H) 


mets*tue* 


47/132 


36/131 (27H) 


Sircomu 


6/20 


6/20 (30H) 


Lung arclnomu NSCLC 


u/es 


12/64 (19M) 


Kesd *nd nee* squsmous c*B cardrwmu 


13/SS 


10/64 (UK) 


PmsUtic cxtJnorni* ' 


2/20 


2/20 


Winvrary cvdnomu 


IB/162 


14/162 <9K) 








superficial 


1/20 


1/20 


InfQtrtUns 


5726 


3/26 


TitUcu'.r seminoma* 


6/6 


5/6 


Colorectsf cirDnomjs 


0/43 




Uukemitijftf ^Tr.phom** 


0/25 




Reral carrinomss 


0/46 




Iinsr nil fln* i 






Keltnomn . 


45/74 


40/74 (54H) 


S*rcom*s 


1/4 


1/4 


Lung cuxromii 






SOT 


7/24 


7/24 (29M) 


KSOC 


1/2 


1/2 


KeiOtneBomis 


S/19 


5/19 (26H) 


Held trvd neck s^jsmota tell cardnomss 0/2 




Mammary cardnotns* 


1/4 


0/4 


BUdder eardnotnas 


0/3 




Cdon cirdnomu 


1/13 


S/13 


LcutemUs 


V6 


1/6 


Lymphoma* 


0/6 




Rent] c*/cinomu 


0/6 





» Expression of GAGE wti tttted by KT-fCK on teUI RKA with primers VDE-1 6 
arid VDE-24, detecting s3 GAGT ctnes. No PC* product wu ctwrvtd whan these 
pnmer* were iuiytd oft OKA from K22-MO- 

** Expruibn of GAGE-1 t^d 2 wu tested by KT-PCft oft total RKA with primers 
VOE-44 t-.d VD£-24, which extinguish CAGEO snd i from the four other GAGE 
Oerv-j. No PCR product wu obttrvsd when these primer* wtrt tsseyed on DMA from 
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In further work, new primers were designed which ampli- 
fied all GAGE genes, to make sure that there was no expres- 
sion of any of them in normal tissues. These primers are 

VDE43 5'-GCG GCC CGA GCA GTT CA-3' (SEQ ID NO- 11) 

5 VDE24 5' -CCA TCA GGA CCA TCT TCA-3 (SEQ ID Noi 10) 

These were used exactly as for the PCR using the VDE4 4 and 
VDE24 primers. The results are shown in Table 4. They 
confirm that the normal tissues are negative, except for 
testis . 
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Table 4 



Expression of GAGS genes la 
normal adult and fetid tissues 



Adutt thmes 



C5A6E 
expression* 



Adrenal Qland 

'Benlflrj natvut 

Bone mirrow 

Brain 

Breast 

Cerebellum • 

Colon 

Httrt 

Wdney 

Liver 

Lung 

Melanocytes 

Musde 

Ovary 

Skin 

Splenocytts 
* Stomach 
Testis 

Thymocytes 
Urinal bladder 
Uterus 
Placenta 

Umbilical 
cord 

, Fetsl tissues* 



Fibroblasts 
Brain 
liver 
Spleen 

Thymus • 
Testis + 



♦Expression of GAGE was tested by KT-PCR 
amplification on total RKA with primers VDE43 
and VDI24 detecting all GAGE genes (Figure 7), 



presence by +. no PCR product wis observed 
when these printers were assayed on DKAfrom 
MZ2-MEL 

Tetal tissues derive from fetuses older than 20 
week*. 
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Example 16 

In work not reported here, it had been ascertained that 
cytolytic T cell clone CTL 22/23 (Van den Eynde, et al . , Int. 
J. Cancer 44: 634-640 (1989), incorporated by reference) did 
5 not recognize melanoma cell line MZ2-MEL. 3 . 1 . This melanoma 
cell line was reported by Van der Bruggen, et al . , Eur. J . 
Immunol. 24: 2134-2140 (1994), to have lost expression of MHC 
molecules HLA-A29, HLA-B24, and HLA-cw-1601. Studies were 
undertaken to determine if transfection with one of these MHC 

10 molecules could render the line sensitive to CTL 22/23. HLA- 
A29 was the first molecule tested. To do so, poly A' RNa was 
extracted from HLA-A29* cell line M22-MEL.43, using a commer- 
cially available extraction kit, and following the manufac- 
turer's instructions. The mRNA was then converted to cDNA, 

15 using standard methodologies, size fractionated, and then 
inserted unidirectional ly, into the Bstxl and NotI sites of 
plasmid pcDNA-I/Amp. The plasmids were elect roporated into 
E. coli strain DHBcy'IQ, and selected with ampicillin (50 
/ig/ml) . The bacteria were plated onto nitrocellulose fil- 

2 0 ters, and duplicated. The filters were prepared, and hybrid- 
ized overnight in 6xSSC/0.1% SDS/lx Denhardt's solution at 
40°C, using 32 P labelled probe: 

5 ' ACTCCATGAGGTATTTC- 3 ' 

(SEQ ID NO: 19) 

2 5 The probe is a sequence which surrounds the start codon of 
HLA sequences. 
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The filters were washed twice, at room temperature for 
5 minutes each time in 6xSSC, and twice in 6xSSC at 43°C. 
Positive sequences were then screened with probe: 

5 ' - TTTCACCACATCCGTGT - 3 ' 

5 (SEQ ID NO: 20) 

which had been labelled with 32 P. This sequence is specific 
for HLA-A2 9, as determined by reference to the Rabat Database 
of sequences and proteins of immunological interest, incorpo- 
rated by reference. This database is available at the NCBI 
10 (USA), or on Web Sotle (Internet) WWW.NCBI.NLM.NIH.GOV. Teh 
filters were washed twice at room temperature for 5 minutes 
each time, at 6xSSC, followed by two washes, at 6xSSC (5 
minutes per wash), at 42°C. 

Example 17 

15 Once positive HLA-A29 clones were isolated, these were 

transfected into COS- 7 using the DEAE-dextran chloroquine 
method set out supra . In brief, 1.5 x 10 4 COS-7 cells were 
treated with 50ng of plasmid pcDNA-l/Amp containing HLA-A2 9 , 
and 100 ng of cDNA containing cDNA for one of the GAGE se- 

20 quences mentioned supra , or one of the prior art MAGE or BAGE 
sequences in plasmid pcDNAa-l/Amp or pcDSRa- respectively . 
The transf ectants were then incubated for 24 hours at 37°C. 

The transf ectants were then tested for their ability to 
stimulate TNF production by CTLs, using the assay explained 

25 at the end of example 4, supra . 

Figure 7, which presents the results of this drug f shows 
that high levels of TNF production were achieved using any of 
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GAGE - 3 , 4, 5 or 6 and HLA-A29 as transf ectant s . GAGE-1 and 
GAGE- 2 , in contrast, do not stimulate CTL clone 22/23, thus 
leading to the conclusion that GAGE 3, 4, 5 and 6 are pro- 
cessed to an antigen or antigens presented by HLA-A29 mole- 
5 cules and recognized by CTL 22/23. 

Example 18 

The fact that GAGE- 3, 4, 5 and 6 were processed to 
peptides presented by HLA-A29* cells, which GAGE-1 and GAGE - 2 
were not, suggested examination of the deduced amino acid 
10 sequences for those common to GAGE 3, 4, 5 and 6 and absent 
from GAGE-1 and GAGE- 2. 
The sequence: 

Arg Ser Thr Tyr Tyr Trp Pro Arg Pro Arg Arg Tyr Val Gin 
(SEQ ID NO: 21) 

15 was identified. The peptide was synthesized, lyophilized, 
and then dissolved in 1 volume DMSO, 9 volumes of 10 mM 
acetic acid in water. This methodology was used for the 
other peptides synthesized, discussed infra . 

The peptide (SEQ ID NO: 21) was tested in a 51 Cr release 
20 experiment, following the method described supra . 

It was found that this peptide did provoke lysis. 
Successive deletions were prepared, and tested for their 
ability to provoke lysis, again using the 51 Cr lytic assay. 
This work is depicted in Figure 8. It was found that the 
2 5 shortest peptide to provoke lysis was 

Tyr Tyr Trp Pro Arg Pro Arg Arg Tyr 
(SEQ ID NO: 22), which is common to all of GAGE - 3 through 6. 



WO 97/49417 PCTYUS97/10850 

29 

Specifically, amino acids 10-18 of GAGE - 3 , and amino acids 9- 
17 of GAGE-4, 5 and 6 correspond to this peptide. 

The members of the peptide family shown in Figure 8, and 
represented, e.g., by SEQ ID NOS : 21 and 22, do not accord 
5 with the data presented by Toubert, et al . , "HLA-A29 Peptide 
Binding Motif", Abstract No. 4183, Ninth International Con- 
gress of Immunology, July 23-29, 1995, San Francisco, CA, 
incorporated by reference. According to Toubert, et al . , at 
the least a Phe residue is required at the third position of 
10 any peptide which binds to HLA-A29. As is shown herein, such 
is not the case. 

Example 19 

A set of experiments were carried out to isolate and to 
clone genomic DNA sequences encoding GAGE TRAPS . 

15 a library was made from genomic DNA isolated from the 

peripheral blood lymphocytes of patient MZ2 . Isolation and 
preparation of the DNA was carried out in accordance with 
Wolfel et al., Immunogenetics 26: 178-187 (1987), incorpo- 
rated by reference. The isolated DNA was then partially 

20 digested with the restriction enzyme Sau3A, and then frac- 
tionated using NaCl density gradient ultracentrif ugation. 
This provides a fraction enriched in 10-20 kb fragments of 
DNA. See Grosveld et al., Nucl . Acids. Res. 10: 6715-6732 
(1982) . These fragments were dephosphorylated using alkaline 

25 phosphatase, and were then ligated into X-Gemll DNA, which 
had been digested with BamHI/EcoRI . Briefly, 2 ugs of the 
genomic DNA were mixed with 2 ugs of the X phage DNA in a 10 
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ul volume, and incubated at 16°C overnight. 4 fil of the 
ligation mixture containing the ligated DNA was packaged, in 
vitro, in a commercially available phage packaging extract. 
The resulting phages were titrated on E. coli NM53 9 (a com- 
5 mercially available strain) , in order to calculate the appro- 
priate number of phages to plate out for screening. The 
resulting product was titrated onto cells of E. coli strain 
NM53 9 . 



Example 2 0 

10 Approximately 33,333 recombinant phages were plated per 

plate, to give a total of 500,000 phages tested. A total of 
20 ill of the packaging mixture was mixed with 1 ml of a 
suspension of E. coli NM53 9 in 10 mM MgS0 4 , to an OD 600 of 0.5. 
This mixture was then incubated, for 15 minutes at 37°C, and 

15 then mixed with 15 ml of culture medium BTCYM containing 0.7% 
agarose at 45°C, and then plated onto agar plates containing 
BTCYM. The resulting mixture was incubated, at 37°C / over- 
night. The resulting phage plaques were used in hybridiza- 
tion experiments. Approximately 500,000 recombinant phage 

20 plaques were immobilized on nylon membranes, and were then 
subjected to in situ hybridization, in accordance with 
Sambrook et al . , Molecular Cloning: A Laboratory Manual 
(1989), incorporated by reference. 

The hybridization was carried out using a probe which 

25 consisted of nucleotides 18 through 326 of SEQ ID NO: 1. The 
probe was prepared using the polymerase chain reaction and, 
as primers, a nucleotide sequence consisting of nucleotides 
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18-34 and the complement of nucleotides 309-326 of this 
sequence. The primers were used in a 30 cycle PCR run (1 
cycle: 94 °C for one minute, followed by 4 6°C for two minutes, 
then 72°C for three minutes), in a total volume of 100 ul, 
5 which contained 10 ul of lOx concentrated Dynazyme buffer, 
0.2 mM of each dNTP, 50 pmoles of each primer, and 2.5 units 
of Dynazyme DNA polymerase. 

The probe was then purified via electrophoresis in low 
temperature melting agarose, as described by Sambrook et al . , 

10 supra. Following purification, the probe was radiolabelled 
with a 32 P, using a commercially available, random priming kit 
(radioactive nucleotide was cy 32 P dCTP) . 

Once the probes were labelled, they were used in a 
hybridization buffer (10% sodium salt of dextran sulfate, MW 

15 500,000; 1% SDS ; 1M NaCl , and 50 ug/ml of denatured salmon 
sperm DNA) . About 150 ng of 32 P labelled probe (approximately 
1.6xl0 8 cpm), were put into a total volume of 200 ml of this 
buffer. Approximately 500,000 immobilized plaques on filters 
were hybridized filter which was combined with the nylon 

20 membrane containing at 65°C for about 15 hours. The mem- 
branes were then washed with 0.2xSSC, 0.1% SDS, at 65°C. 

Following autoradiography, one positive clone was found. 
When excised, the insert was found to be about 11 kilobases 
long. Three fragments (175 base pairs, 4.5 kilobases, and 

25 6.5 kilobases) resulted from treatment of the insert with the 
endonuclease SstI, and these were then subcloned into the 
plasmids pBluescript SK(-), and pT219R, both of which are 
commercially available. The fragments were sequenced in 
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their entirety, using commercially available enzymes, and 
primers 5' -labelled with [ 7 »P]ATP. The sequence of the 
genomic clone is provided as SEQ ID NO: 24. 

The foregoing examples show the isolation of nucleic 
5 acid molecules which code for tumor rejection antigen precur- 
sors and tumor rejection antigens. These molecules, however, 
are not homologous with any of the previously disclosed MAGE 
and BAGE coding sequences described in the references set 
forth supra . Hence, one aspect of the invention is an iso- 
10 lated nucleic acid molecule which comprises the nucleotide 
sequence set forth in SEQ 

ID NO: 1 as well as fragments thereof, such as nucleotides 1- 
170, and 51-170, and any other fragment which is processed to 
a tumor rejection antigen. The sequence of SEQ ID NO: 1 is 
15 neither a MAGE nor a BAGE coding sequence, as will be seen by 
comparing it to the sequence of any of these genes as de- 
scribed in the cited references. Also a part of the inven- 
tion are those nucleic acid molecules which also code for a 
non-MAGE and non-BAGE tumor rejection antigen precursor but 
20 which hybridize to a nucleic acid molecule containing the 
described nucleotide sequence, under stringent conditions. 
The term "stringent conditions" as used herein refers to 
parameters with which the art is familiar. More specifi- 
cally, stringent conditions, as used herein, refers to hy- 
25 bridization in 1M NaCl , 1% SDS, and 10% dextran sulfate. 
This is followed by two washes of the filter at room tempera- 
ture for 5 minutes, in 2xSSC, and one wash for 30 minutes in 
2xSSC, 0.1% SDS. There are other conditions, reagents, and 
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so forth which can be used, which result in the same or 
higher degree of stringency. The skilled artisan will be 
familiar with such conditions, and, thus, they are not given 
here . 

5 It will also be seen from the examples that the inven- 

tion embraces the use of the sequences in expression vectors, 
as well as to transform or transfect host cells and cell 
lines, be these prokaryotic (e.g., E. coli ) . or eukaryotic 
(e.g., CHO or COS cells). The expression vectors require 

10 that the pertinent sequence, i.e., those described supra , be 
operably linked to a promoter. As it has been found that 
human leukocyte antigen HLA-Cw6 presents a tumor rejection 
antigen derived from these genes, the expression vector may 
also include a nucleic acid molecule coding for HLA-Cw6. In 

15 a situation where the vector contains both coding sequences, 
it can be used to transfect a cell which does not normally 
express either one. The tumor rejection antigen precursor 
coding sequence may be used alone, when, e.g., the host cell 
already expresses HLA-Cw6. Of course, there is no limit on 

20 the particular host cell which can be used. As the vectors 
which contain the two coding sequences may be used in HLA-Cw6 
presenting cells if desired, and the gene for tumor rejection 
antigen precursor can be used in host cells which do not 
express HLA-Cw6. 

25 The invention also embraces so called expression kits, 

which allow the artisan to prepare a desired expression 
vector or vectors. Such expression kits include at least 
separate portions of each of the previously discussed coding 
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sequences. Other components may be added, as desired, as 
long as the previously mentioned sequences, which are re- 
quired, are included. 

To distinguish the nucleic acid molecules and the TRAPs 
5 of the invention from the previously described MAGE and BAGE 
materials, the invention shall be referred to as the GAGE 
family of genes and TRAPs. Hence, whenever "GAGE " is used 
herein, it refers to the tumor rejection antigen precursors 
coded for by the previously described sequences. "GAGE 
10 coding molecule" and similar terms, are used to describe the 
nucleic acid molecules themselves. 

The invention as described herein has a number of uses, 
some of which are described herein. First, the invention 
permits the artisan to diagnose a disorder such as melanoma, 
15 characterized by expression of the TRAP, or presentation of 
the tumor rejection antigen. These methods involve determin- 
ing expression of the TRAP gene, and/or TRAs derived there- 
from, such as a TRA presented by HLA-Cw6. In the former 
situation, such determinations can be carried out via any 
20 standard nucleic acid determination assay, including the 
polymerase chain reaction, or assaying with labelled hybrid- 
ization probes. In the latter situation, assaying with 
binding partners for complexes of TRA and HLA, such as anti- 
bodies, is especially preferred. An alternate method for 
25 determination is a TNF release assay, of the type described 
su P ra • To carry out the assay, it is preferred to make sure 
that testis cells are not present, as these normally express 
GAGE. This is not essential, however, as one can routinely 
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differentiate between testis and other cell types. Also, it 
is practically impossible to have. testis cells present in 
non- testicular sample. 

The isolation of the TRAP gene also makes it possible to 
5 isolate the TRAP molecule itself, especially TRAP molecules 
containing the amino acid sequence coded for by SEQ ID NOS : 
2-6. These isolated molecules when presented as the TRA, or 
as complexes of TRA and HLA, such as HLA-Cw6 or HLA-A29 may 
be combined with materials such as adjuvants to produce 

10 vaccines useful in treating disorders characterized by ex- 
pression of the TRAP molecule. 

Exemplary adjuvants include Freund's complete and incom- 
plete adjuvant, killed B. pertussis organism, " BCG" , or 
Bacille Calmente-Guerin , Al(OH) 3 , muramyl dipeptide and its 

15 derivatives which may be emulsified in metabolizable oils, 
such as squalene, monophosphoryl lipid A (MPL) , keyhold 
limpet hemocyanin (KLH) , saponin extracts such as QA-7, QA- 
19, and QA-21 (also referred to as QS-21), these having been 
described in U.S. Patent No. 5,057,540 to Kensil, et al . , 

20 incorporated by reference, MTP-MF59, N- [ 1 - (2 , 3 -dioleoyloxy) 
propyl] -N,N,N-trimethylammonium methyl sulfate (DOTAP) , the 
cationic amphiphile DOTMA, the neutral phospholipids such as 
DOPE, and combinations of these. This listing is by no means 
comprehensive, and the artisan of ordinary skill will be able 

25 to augment this listing. All additional adjuvants are encom- 
passed herein. 

In addition, vaccines can be prepared from cells which 
present the TRA/HLA complexes on their surface, such as non- 
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proliferative cancer cells, non-prolif erative transf ectants, 
etcetera. In all cases where cells are used as a vaccine, 
these can be cells transfected with coding sequences for one 
or both of the components necessary to provide a CTL re- 
5 sponse, or be cells which express both molecules without 
transfection. Further, the TRAP molecule, its associated 
TRAs, as well as complexes of TRA and HLA, may be used to 
produce antibodies, using standard techniques well known to 
the art. 

10 When "disorder" is used herein, it refers to any patho- 

logical condition where the tumor rejection antigen precursor 
is expressed. An example of such a disorder is cancer, 
melanoma in particular. Melanoma is well known as a cancer 
of pigment producing cells. 

15 As indicated, supra . tumor rejection antigens, such as 

the one presented in SEQ ID NO: 4 are also a part of the 
invention. Also a part of the invention are polypeptides, 
such as molecules containing from 8 to 16 amino acids, where 
the polypeptides contain the amino acid sequence set forth in 

2 0 SEQ ID NO: 4. As the examples indicate, those peptides which 
are longer than the octamer of SEQ ID NO: 4 are processed 
into the tumor rejection antigen of SEQ ID NO: 4 by the HLA- 
Cw6 presenting cancer cells, and presented thereby. The 
presentation leads to lysis by cytolytic T lymphocytes pres- 

25 ent in a body fluid sample contacted to the cells presenting 
the complex. Similarly, the peptides longer than SEQ ID NO: 
22, such as SEQ ID NO: 21, are processed to the appropriate 
TRA, and are presented by cancer cells, such as HLA-A2 9 
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positive cells. 

Thus, another feature of the invention are peptides 
which are anywhere from 9 to 16 amino acids long, and com- 
prise the sequence: 
5 Xaa Xaa Trp Xaa Xaa Xaa Xaa Xaa Trp 

{SEQ ID NO: 23) 

where Xaa is any amino acid. These peptides bend to, and/or 
are processed to peptides which bind to HLA-A29 molecules. 
The fact that these peptides are processed to the tumor 

10 rejection antigen, is indicated by the examples. 

This property may be exploited in the context of other 
parameters in confirming diagnosis of pathological condi- 
tions, such as cancer, melanoma in particular. For example, 
the investigator may study antigens shed into blood or urine, 

15 observe physiological changes, and then confirm a diagnosis 
of melanoma using the CTL proliferation methodologies de- 
scribed herein. 

On their own, peptides in accordance with the invention 
may be used to carry out HLA-typing assays. It is well known 

20 that when a skin graft, organ transplant, etc., is necessary 
one must perform HLA typing so as to minimize the possibility 
of graft rejection. The peptides of the invention may be 
used to determine whether or not an individual is HLA-Cw6 
positive, so that appropriate donors may be selected. This 

25 type of assay is simple to carry out. The peptides of the 
invention are contacted to a sample of interest, and binding 
to cells in that sample indicates whether or not the individ- 
ual from which the sample is taken is HLA-Cw6 positive. One 
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may label the peptides themselves, conjugate or otherwise 
bind them to linkers which are labeled, immobilize them to 
solid phases, and so forth, so as to optimize such an assay. 
Other standard methodologies will be clear to the skilled 
5 artisan, and need not be presented herein. 

Therapeutic approaches based upon the disclosure are 
premised on a response by a subject's immune system, leading 
to lysis of TRA presenting cells, such as HLA-Cw6 cells. One 
such approach is the administration of CTLs specific to the 

10 complex to a subject with abnormal cells of the phenotype at 
issue. It is within the skill of the artisan to develop such 
CTLs in vitro. Specifically, a sample of cells, such as 
blood cells, are contacted to a cell presenting the complex 
and capable of provoking a specific CTL to proliferate. The 

15 target cell can be a transf ectant , such as a COS cell of the 
type described supra. These transf ectants present the de- 
sired complex on their surface and, when combined with a CTL 
of interest, stimulate its proliferation. COS cells, such 
as those used herein are widely available, as are other 

20 suitable host cells. 

To detail the therapeutic methodology, referred to as 
adoptive transfer (Greenberg, J. Immunol. 136(5): 1917 
(1986); Riddel et al . , Science 257: 238 (7-10-92); Lynch et 
al., Eur. J. Immunol. 21: 1403-1410 (1991); Kast et al . , Cell 

25 59: 603-614 (11-17-89)), cells presenting the desired complex 
are combined with CTLs leading to proliferation of the CTLs 
specific thereto. The proliferated CTLs are then adminis- 
tered to a subject with a cellular abnormality which is 
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characterized by certain of the abnormal cells presenting the 
particular complex, where the complex contains the pertinent 
HLA molecule. The CTLs then lyse the abnormal cells, thereby 
achieving the desired therapeutic goal. 
5 The foregoing therapy assumes that at least some of the 

subject's abnormal cells present the relevant HLA/TRA com- 
plex. This can be determined very easily, as the art is very 
familiar with methods for identifying cells which present a 
particular HLA molecule, as well as how to identify cells 

10 expressing RNA of the pertinent sequences, in this case a 
GAGE sequence. Once cells presenting the relevant complex 
are identified via the foregoing screening methodology, they 
can be combined with a sample from a patient, where the 
sample contains CTLs. If the complex presenting cells are 

15 lysed by the mixed CTL sample, then it can be assumed that a 
GAGE derived, tumor rejection antigen is being presented, and 
the subject is an appropriate candidate for the therapeutic 
approaches set forth supra . 

Adoptive transfer is not the only form of therapy that 

20 is available in accordance with the invention. CTLs can also 
be provoked in vivo , using a number of approaches. One 
approach, i.e., the use of non-prolif erative cells expressing 
the complex, has been elaborated upon supra . The cells used 
in this approach may be those that normally express the 

25 complex, such as irradiated melanoma cells or cells trans- 
fected with one or both of the genes necessary for presenta- 
tion of the complex. Chen et al . , Proc. Natl. Acad. Sci . USA 
88: 110-114 (January, 1991) exemplifies this approach, show- 



WO 97/49417 PGT/US97/10850 

40 

ing the use of transfected cells expressing HPV E7 peptides 
in a therapeutic regime. Various cell types may be used. 
Similarly, vectors carrying one or both of the genes of 
interest may be used. Viral or bacterial vectors are espe- 
5 cially preferred. In these systems, the gene of interest is 
carried by, e.g., a Vaccinia virus or the bacteria BCG, and 
the materials de facto "infect" host cells. The cells which 
result present the complex of interest, and are recognized by 
autologous CTLs, which then proliferate. A similar effect 

10 can be achieved by combining the tumor rejection antigen or 
the precursor itself with an adjuvant to facilitate incorpo- 
ration into HLA-Cw6 presenting cells which then present the 
HLA/peptide complex of interest. The TRAP is processed to 
yield the peptide partner of the HLA molecule while the TRA 

15 is presented without the need for further processing. 

Other aspects of the invention will be clear to the 
skilled artisan and need not be repeated here. 

The terms and expressions which have been employed are 
used as terms of description and not of limitation, and there 

20 is no intention in the use of such terms and expressions of 
excluding any equivalents of the features shown and described 
or portions thereof, it being recognized that various modifi- 
cations are possible within the scope of the invention. 
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GAGCT0GCT3 CAQOCTIGAC CTCCIGGGCT CAAGCGCTOC TOOCAOCTCA 50 

GCCTCCIGAG TAGCIGTCAG TATAGGTACA TGCCACCAIG CN2AGCTMT 100 

TTEPCGATCG Tl'lTmCJlT T XJrmTlUl ' AGTCATGAGA Tl ' l 'lUHaaG 150 

TIGCTIAGGC TGGTCTOGAA GTCCTCAGCT CAGGT3ATCT QQCCAOCZTCA 200 

GCCTCCCAAA ATACTAQGAT TACAGGOGTG ANITGGOCTC GTCTQGTTTr 250 

TCTIATATAG GGCTCTIMC TATATAAAGA CTAAAGTTAA TCIUTGCETT 300 

TGTCCGGCTG GGCTAAGAGC ATGAIGAdT TTATCATTCI ATTGA3TEAA 350 

AGAAAACTGT CCTIGACTTA CCAGTGTGIA AGTCCATGAA AGCATAA1TC 400 

TGTIGAAAGC ATATATTGTT AATGGGIGTT GGGAAOGGTG CACITICOGC 450 

TGCIGTGGGA GCATCTCCTT GGAGGTAOCT TTCATCIGTT TTCICAACTC 500 

CAAACATCIT AGGACCA2GG GTIGTCACTG GTAGGACIAT GTA1UTIGCT 550 

GCITICAAGA OGGAGTATAT TITCAOGTQG TCTCACICTC GCIGTOCTGT 600 

TTCCCEAATA CHGTCACTIC AOOCTCTGOG AITCTGATQC TACAAATGAT 650 

AGAIATOGTT TIAQCAlTIT CTTAOGGGTC CTAGCGATIC TATTCA1TIT 700 

TCTTTCAGTC TCITTCICTG ACTICTICAC ATTGAACAAT TKXTITIGG 750 

GATAGGITQC IMTTCTGTT TKX3CAGGTG GTITACCTGT CTTOOCAGCC 800 

AGTCACAG1G GTOCT3X3TOC CCA1QGTQGG TOOGGGGCAA GAGAGGGOOC 850 

TCGGTT3GGG GTGGGGTICA GTIGAAGATG G3GTGAGTTT TCAGGGGAGC 900 

ACTACTTGAG TCOCAGAGGC ATAQGAAACA GCAGAGGGAG GTCGGAT1CC 950 

OTAT0CTCA ATGAGGATGG GCATQGAGGG 1TIGGGGCCT GGCGCTGGGA 1000 

AQGGCAGO0C TO00CAGOOC ACAQOOQOGC ATOCTOCCIG NICOOGOCTC 1050 

AGTGOQCAIG TICACIGGGC GTLTIL'IUOC GGGOOOCITC GOCCAOGIGA 1100 

AGAAOQOCAG GGAGCTGIGA GGGAGTQCIG Tb'lUbTlUCI QOOGTOOGGA 1150 

CIUlTI'l'lGC TCIACTSAGA TICATCTGGT AGGTCIGCAG QOCAGTCATC 1200 

CCGGGGGCTG AAGTGTGAGT GAGQGT3GAG AGGGCCTOQG GTCGGTCAGG 1250 

CGGGT00GTT (XT9GTCTGT GGCCICCGAG GGAGAAGGQC CAOGAGGTIA 1300 

OGTAGdCCT TAOOCTICAC AGGCK30GAG GCCACOGGOG GCTICGIGGT 1350 

CGTGAAGGGG OCTQGAOGGG GAGGAAGGTC GGCCGTGGAG GGGAGGCIGT 1400 

CAGGGGCTCA GGTGAAGAOG GGGTGAGT3C TGTIGGGGGG AT3GAAGTCC 1450 

CGAGGTQOOG GGATOQOOGA OGACACAQQG CAGATTOOCT GAATQGGOCC 1500 

GGOGGGGGOG AGGCGGGCGG TGAAGAAQGG GOCTGGCAOC TGGGAAGGCT 1550 

GCGGCCTQGC GAGOGOOOOC OOCAGOGSEG TGGAGTCCGG AGCGOCOGAG 1600 

TGAGAAGCAC TQCAAGGTCT CAOCTOOQOC A1GGAAGGTC OGAAAACAGT 1650 

GGGAAGGAGT GGGCGAGGCA GTGCGGTOCA AOCAAACTTG TIGTGAGGGG 1700 

GGGTGAAIGG CTCTAQGAAG IGGGAGTGTG OOCAAAGCAG CAATCAOGAG 1750 

AATIGTGATT CACEAGGGTT TICGTGGQGA GIGCACITGT GAAACIAAAC 1800 

CTCATCAGAA ATGACCICTG TCT30GGQGC GCAGTGGCX3C TOGOCTAGGT 1850 
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AGTCCCAGTT ACTGGGGACA CTGAGGTGGG AQGAlCOdT GAGOQQGAGG 1900 

TCGAQGCTGC AGTGAGCIGT GA1CACGOOG CTGCACTCCA GCCIGAGCAA 1950 

CACAGCGA3A COGCGTCICC AAAAGAAA1T TAGAAAAAAA TCICCTCIGC 2000 

CTIT1GOCAC ACGOCTTAAG ATCATIGCTC T0CCAGCCT3 GOCAGCAGAA 2050 

GTQGCnTGT AGGCACTCAG ACAGGGTACA CACXJEA3QCT TAACTCIGGG 2100 

AcrJLKL'XTlG AGAU1MT1T CAAAAGTAAA AQQQCAAGIT AACATTIftlC 2150 

CATQGAAGTC A1DGAATATA GCAGOOCTGT GGAGGGCACG TTCCCAATCA 2200 

CGGTIGTCIG TTTTCAGTGT GAAAIA3GAG TTGQOGAGGA AGATCGAOCT 2250 

A3TAITQGOC TAGACCAAGG CGCTATCTAC AGOC3CCIGA AA3GATTGGG 2300 

CCT&1GGGGG TGAGTQCTTA AACGTEAATT OGATCTTITC TATTAGIAGA 2350 

AAnAAITIT TGTGATAQCG TCGTTGCAIT AGIGTQGAAA TGCTGA33AA 2400 

GGTCITIOCT GCTCATAAAA AATGAGGATG GCAIUICAIG AAGGAAACAT 2450 

IGATICIGGA GGATTTrnT TmCCTCTC GIUI ' ILTILA G LTITI UJUC 2500 

ATGACnCIT TCTOOGQCrr TUmUl'IAA TCACAGAITC TACACATGTA. 2550 

TIOCAACACA GAGTATAATA GOOOOCAAAG TOCTCGIQCG TCA LT1T1LT 2600 

CACAGTAACC TOGCTGTOGG TCGAGTAAOC TTATIGGGCA TAGAQCA1AG 2650 

AGTIGGAGAA ATGTCTITAG GCTEAGTTAG GAOCAGAAAT AQCTATGTAT 2700 

TCTGTGTAIA TAIGT&AAAT TTIGTATCAA TAAGGAAACT TA !i'lTlTI!A T 2750 

TTQCACACOC ACACGIMTC OOCAQOOOGA GCAGTTCAGT GA2GAAGIGG 2800 

AACCAGCAAC ACCTGAAGAA GGGGAAOCAG CAACTCAADG TCAQGA3DCT 2850 

GCAGCTCCTC AGGAGQGAGA GGA1GAGGGA GGAICTGCAG GTCAAGGTGA 2900 

GGGAAAGGGA AGAAGAACGT CK3CTQGTGT GTCCXJICTGT GTGTGTTDGT 2950 

GIGTGTGTGT GCAOGTGIGT GTG1GTTAGG CATIUICACA TftGGAGGAAG 3000 

AGGAGGAAAG AAAACAA1GG AAAGAATQOC TGAAATIGAC TQGAAAAQOG 3050 

AGGAGGCTAT GTAGTTIGCA GGTCAGCFEA. GGCAAATOGC TCACIATGAT 3100 

AAAAGTICTC GACTITATGA AIGAGAGAAT GGAGGIGOCA GGATIGIGTC 3150 

TTATOCAAGA ACCCTTGACT GGTCAATACA ACATTIGTAC TGTGTTCIAA 3200 

GGTTIGTGTC TTOCTMCAT GTA3GTTGCT GGAAAGAAGG AAGTGAnTT 3250 

GCIGAAAATG CTEAAAACTC AAAAGGCTIT ACTGTAAQGT AGCTTAGTAC 3300 

TCAOCCAAGA ATAGAOOCAG TTCAGAGGAG CAGGAGCAGC TOCAAAAACC 3350 

GAGTOQCIGA ATGTTQGOCC OOGTTTCX7IT TCA1TCA1AT 1TITATA1GG 3400 

m<xrrriGAT aaaagctqga taaatgagga tactgocata caqgtagcig 3450 

GTITAGTGAT TITICICAGC GGOCITTAGG AGGIGATEAA ATOCTTITAT 3500 

GGTTAGAAAA GCAAAAAGQG AAITATOCTG AGATEAAGGT GAGATOGAAA 3550 

TAATITCICC GAGATAAAAT GTTTTGAAAG GAAGCATITA TGIAAOGGAG 3600 

GTCATGGATT AJTOCAGGGA TGCACIGTIA AAAGTTCCIA GAATCIGACT 3650 

GACAACAAIG CCCAJTAATT GCIUICCGCC CACTCCCITA TICICAGIGC 3700 
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GGGGACAGEA TATTITCIGT GATICACAAA CAAIGITAIEA TITQCTQCIT 3750 

TCTICTICAC GQGGTTCAIT TA1GGAA3KT TACCTITAGG ADCTK3GGAC 3800 

CIAAAIAIAA CTITA3TIGA ACAAAGDGAA GJITICILTIT AOCOOGAIAG 3850 

GEAA1GGGIG T0GTCACK7T AAGA3TKXA TAGICCTCAA ATCCATOCAG 3900 

CTAAICAAIC CTICAGAAAC TGACATTGTA AirGTEAACTG AAA10CIAOC 3950 

CACGTGGIAG ACITCAGMT TCTCAOGIGA OQCACACTQC TGTIGGTACT 4000 

CTAAGGCTGA ATAIAAGCAT TAIACATCTC CTGIGGITIA TOTITAGA3T 4050 

GTCA1TIAGG AGAAAGGICr AAAQCTGGGC TGAATQOCAT GCACICAIAG 4100 

TOXAGCIAC TTGGGAGGOC GAGGTGAGAG GA1TGCITGA GTOCIOGAGT 4150 

TCAAGCCCAG CCIGGGAAAC ACAGIGAGAC CICAITOCTA AIAAAIAAAT 4200 

AAATCAA1AA ATAAAIAAAC ACA1AAATAA ATICATTAAA TAAAIAAAGT 4250 

TITCAIQGTA TAGGAAAACA CAGATGCAAA GTITI'ICTQC CEAGTGQCTG 4300 

GTAATCTIGC AAACGTAACT CCTEAGIGAA CIGTAOCACr TAAAAATAGT 4350 

TAAGATCGTA AATTTTAGGA TATCIGTATT ITITACCACA AITGGAAATT 4400 

amrciroc taaagttcag tqcaseeaic atasaitctt tiaaatitit 4450 

ACTGTATCTA TCITCAAGAC A1AACATICA TAGAAAATTT GCAAGAATAG 4500 

TACAATCAAC TCATAIACIG TICATCTGGA TICAOCAATC TTAGIAGriT 4550 

OGCTICATAG GTTICACATC TCITOOCTOC GICICITADC GIQCTGOGCA 4600 

CACACTACAC ACACACACTC ACACACACAT ACGGAIATAT GTTTACICTT 4650 

ATTAAIGCTG AATIUTCTOG ATAAAGTTIA GGGATTAIGG TCCTITAOOC 4700 

TATGEACTIG AGGGTCTGTA TAICGTCAGA ACAAAGAGAA AGTCATITCr 4750 

TGGATCCTOG AGCTCGAGGA TOCTQCAGCT GCTCAGGAGG GAGAGGATCA 4800 

GGGAGCAICT GCAGGICAAG GIGAGGGAAA GGGAAGAAGA AOGTCTGCTG 4850 

GIGTGTQOGT GTCTCK5ICT TOGIGTCTGT GICTGCAOGT GIGTCTCTCT 4900 

TAGGCMTCT CACATAGGAG GAAGAGGAGG AAAGAAAACA ATGGAAAGAA 4950 

TGOCTGAAAT TGACTGGAAA AQOGAGGAGG CIATCTAGIT TQCAGCTTAG 5000 

dTAGGCAAA TCXXHCACIA TGATAAAAGT TCHOSACriT ATGAATCAGA 5050 

GAATGGAGGT GOCAGGA37IG TGTGTEATOC AAGAAOXTT GACTGGIGAA 5100 

TACAACAT1T GTACToTGIT CTAAGGITIG IGICITOCTA TCAIGTATCT 5150 

TGCIGGAAAG AAGGAAGIGA TITTGCTGAA AATOCTIAAA ACTCAAAAGG 5200 

CTITACICTA AGGEAGCTTA GTACTGADOC AAGAATAGAC OCAGTICAGA 5250 

GGAGCAGGAG CAGCTOCAAA NACX3GAGTP0G CTGAATUTIG GOO000GTTT 5300 

CCTITCATIG A3AITITEAT A1GGTAOGTT TGAIAAAAGC TGGAIAAATG 5350 

AGGATACTQC CATACAGCSEA GCTGGTTEAG TGAITTTTCT CAGOGGOCTr 5400 

TAGGAGGIGA TEAAAKXHT TIA1GGTTAG AAAAGCAAAA AOGGAATEAT 5450 

CCIGAGAITA ACGTCAGATC GAAATAATTT CIDOGAGATA AAATCTTETG 5500 

AAAGGAAGCA TTIATGEAAC GGAGGICATC GATIATICCA GGGATGCACT 5550 
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GTTAAAAGTT CCEAGAA1CT GACTGACAAC AATQOCCAIT AA3TGCD3TC 5600 

CGCCCACTCC CTEAITCICA GTGOGGGGGA CAGTIMMTT TCTGTCATTC 5650 

ACAAACAATC TIMMTIQG TOLTl'lUriG CT1CACGGGG TICATTTATC 5700 

GAAIATIACC TITAGGACCT T03GACCIAA AIA1AACTIT ATTIGAACAA 5750 

AGTGGAAGTT TC'lLTL'lftOC CCGAIAGGTA AIGGGT3T0G TGACIGTAAG 5800 

ATTTCCAIAG TOCICAAATC CATCCAGCTA A1CAATCCTI (^GAOOCTCA 5850 

CATIGTAA1T GTAACTGAAA TOCmOOCAC GIGGTAGACT TCAGATTTCT 5900 

CAGCTCACAC ACACTGCIGT TQGTACTCIA GGGCTGAATA. TAAGCATTAT 5950 

ACA1CICCIG TQGTITAIOC TIAGA1TGIC A1TIAGGAGA AAGGTCEAAA 6000 

GCTGGGCIGA ATCCCATCCA CTCATAGTOC CAQCIACTIG GGAGGOOGAG 6050 

GTGAGAGGAT TGCTIGAGTC CTGGAGTICA AAGCCCAGGC TCGGAAACAC 6100 

AGTCAGAGCT CATIGCTAAT AAAIAAATAA AIGAATAAAT AAATAAACAC 6150 

ATAAAIAAAT TCATIAAATA AATAAAGTIT TCATGGTA3A GGAAAACACA 6200 

GATGCAAAGT TITIGTQCCT AGTGGCTQGT AA1GTIGCAA ACGTAACTCC 6250 

TTAGTSAACT GTACCACTTN NNNNTAGTIA AGAIGGTAAA TTITAGGAIA 6300 

TCIGTATTIT TIACCACAAT TGGAAA1TOC TITCITOCTA AAGTICAGTC 6350 

CAGTE&TCAT AIATICmT AAA1TITDAC TCIMGTATC TTCAAGACAT 6400 

MCATTCATA GAAAAITIGC AAGAATAGTA CAA3EAACTC ATAIACTGTT 6450 

CATCDSGATT CAOCAATGTG GTTAGTAGCT TTOGCTICAT AGGTTICACA 6500 

TCITCnCOC TOGGTCICIT ACCGTQCTGC (XACACACTC ACACACACAC 6550 

ACICACACAC ACAIAOGGAT ATATGTITRC TGTTAITAAT GTCAATIGTC 6600 

TCGAIAAAGT TICAGGGAIT ATQGTOCTTT ACCCTATCTA CTIGAGGGTC 6650 

TGTAIAICGT CAGAACAAAG AGAAAGTCAT TIUITCGAIC ATCACIGCAC 6700 

AAAGATAAAA ATCAGGAAAT TIAACAAIGA GAAAATGGAG TCATTEAATC 6750 

ACAGAGTQCA TACTCAAAIT TIGCCAGCTr OCCCAGAAAT TlLTlTlTli: 6800 

CTrrrmrr mrnuncG agaoggagtc tctctctctg ggccaggttc 6850 

GAGGGGAGTA GIGCGATCTC GGCTCACTQC AAGCEACACC TOGCAGSITC 6900 

TAGGGATICT CATGGCICAG CCTDCCGTGT AGCTQGGACT ACAQGCGCCG 6950 

GCCACIGCGG TCITGAACIT CTQGOCTCAC CTGCTCTGOC CAGCTIGGCA 7000 

TCOCAAAATG TT1GGA3TGC AGGCGTCAGA GCXXACQOOC GGCCCAGAIA 7050 

ATTITATIGA TAGGATnCT 1HTTCTGATC CAGAGK3CAG TTCAGAATCA 7100 

CACC1TQCAT GTCCTTTICA GGIUITITJJA. GTTTCCTTrA ACCIGTAATC 7150 

TITCXTITAAT 'l'lTlL'i'lGIC ATICACGA3A GGGACATTIT TGGAGAGGAT 7200 

AGAOCAGTTG GTTIGCAGAA TAJTCTGTAG TTIGGGCTTT TTCATCTATT 7250 

TEAAAAGAGT TTIUICACTC AGCGTITATT GGTGGCTACT CA1Q0CA3GT 7300 

AAGAGTCTAA GCGCTAGGAG TGTAAGTGCT GTGAGAGACG GGATTIGAGC 7350 

CTTGAG1CAT TIAAIAQGAG AAQGACAATC AGAAGTAGAA TAAGAGAGAA 7400 
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GTQCAAAQGA GGCAGCAAAG TTCICTGAGG GCAGTCTTOG GAAAOGAGGA 7450 

GGGTNATA3T TOGAACAOCT TGTITTOCTG TTTICIQCTA ACGGACICCT 7500 

GAAA1AATCT TOCTQGGATT CTEOCAACA CA1TIATIAT TAQCTTAQCT 7550 

AAAGCimA TATAAIAAIA COGAGAGCAT GAA3MCATT TICITATICA 7600 

TAITiTATCT TITACIGCTT AAAITCAIAC GTAlTl'iTJA Tl'lTIAAQGG 7650 

OCGAAQGCTC AAGCTCATAG OCAQGAACAG GGTCAOCXZAC AGACT3GGTG 7700 

TCAGTCTGAA GATGGTOCTG ATCGGCAGGA GATQGACOOG OCAAATOCAG 7750 

AGGAGGTGAA AACGOCTSAA GAAQGTAGGC AATOCATTAG GCATCCACAT 7800 

TGTAGQGTGT CICTTIOCAC AGTATCAIAT TCIAACTCIT ACIATCTTIT 7850 

TGAGAOGGAG TCTOGCICTG AAGADCAGGC TCGAGTGCAG TQGTQOCATC 7900 

TCGGCTCACT GGAAATTCIG TCTOCAGGGT TCAAGT3ATT CTOCTOOCIG 7950 

AGCCTCTGGC GGAGOCGGGC TTACAGQCAT GCTOOGOOGC GCCCAGCIAA 8000 

TTCTIGTATT TTEAGTAGAG ACAGQGTTIC GTIATGTTGC ACAQGTTG1T 8050 

CCCGAACIO: TGACCICAGG TGATOCACCT GGCICGACCA TIGAAATTGC 8100 

CGGGATTACA GGCAGAGOCA COGTQOOOGA CXXAGCATTA T Ali'l'lTiA AT 8150 

AACAGAGAGG TAACAAIACT GOGTCITIAG TAACAGAGTT CTTA3MAAA 8200 

GGTTATTTCA AACGTAGTIC AGGCOCCAQC AOCOQGCTGA TAGACTGTCA 8250 

GATAGGGAAA CAAAGTGAGT CAAAGCIA1G TTGAATEAAA AGTTTTCAGT 8300 

ATAAATCCrr AAACCAGTAG CTCACAATIT TCAGATQCTr TTGTAAAGGT 8350 

CIGCTTTEAA TCAAIACATA ACAOGTIT3T AACACOCATC ACITQGTCTG 8400 

AAAAAIGCIG AAGCACTCAT GCGGGTTCTA AIAOCAQCTC TIACAQCCIT 8450 

GGOGAGATIC TGAGIGAGTC CTTIOOCTTC TAAACCIMC TITQGTICTT 8500 

ATCAAAATAG TGAGTTIAAG TCAGAGACTT TAAAAOCATT TTGCATTOOG 8550 

TTIUITICAT ACICTGATDC TSTIGCAIAG AATCCGTCGG ACACAGAGAT 8600 

CATCICTICG CATQGTITGT TAATCACAAA TCATCAAAOC CTCGOOCGAG 8650 

TCATCIGAAA ATCICTSAAT TGAGATTTCA TTGTCAGTAA GACAGTCAGC 8700 

GGGOOCICIG CTICATOCTA G'lTlTlOOGT GTCGAGAGCT GAATACGTAG 8750 

TATAAGAICT TGTCAAATTC TGAAITCICC dCT JCI ' l GG 'mmTOT 8800 

TGTITQOGAC AGAGTCICAG TGTGTCAO0C AGGCT3GAGT GCAGTGATQC 8850 

AATTTCAGCT CACT3CAACT TCK3GCTO0C AGCTAAAGOC GTOCDOOCAC 8900 

CTCAQOCTOC CGAGTCGCTC GAACTACATC CACAAGCCAC OGTGOCTCAC 8950 

TACAlTmT TCTinCATT TTTGTAGAGA TGAGGTCTCA CTGTGTTQ0C 9000 

CAGGCAGGGT TTCTCTGQCT TITAATCAAC AATIGCITCT TI'ITITI OCT 9050 

TTTAITEATT TATTATACTT TAAGTTITAG GGTACATGTG AOGTTGT3CA 9100 

GGTIAGTEAC ATAOGTATAC A3XJK30CA1G CDGTOOQCIG CAOOCACTAT 9150 

CTCATCATCT AGCATIAQGT ACAIUTGOCA GTGdMCOC TCOOCCCTCC 9200 

CCCCAOCOGA CAACAGIOOC CAGQGTGTGA TATTCOCCTT CCIUTGTCCA 9250 
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TGTCATCICA TTGTTCAGIT CXXACCIATG AGTGAGAAIA. T30GGTCITT 9300 

GGTnnTGT TCirQOGAIA GITEOGAG AAIGATGATT TCNAGTTICA ' 9350 

TCCATCIOCC TACAAAGGAC ATGAACTCIT CAl'iTiTIAG QGCIQCATAG 9400 

TATICCATRG TGTAIATGIG (XftCATTITC "mATOCAGT CTMDGTTGT 9450 

TOGACAITTG GGTTG3TICC AAGTCIT3X3C TA30GTGAAT AA1GOOQCAA 9500 

TAAACAIftCG TCTOCACGTG TLTLTA1AQC AGCA1GATIT ATAGT0CTTT 9550 

GGGTAIAIAC CCAGTAATCG GATCGCTG3G TCAAA1QGTA CAATTCCITC 9600 

TTAAATCITT CCCCACGGAA AOCITGAGTG ACTGAAATAA ATATCAAAIG 9650 

GCGAGAGACC GTEC^GTTOG TATCAIdGT G3CATCTAGG TCAGTCAIGC 9700 

TCAGCAIGGG TGTCAGTAAG ATGOC7IGTGC TATGCRIGCT GCTTCCOXA 9750 

CTGTCAGTCT TCATGAGCCA LTAIT1LTAA TAAGACTGTA GACACACATA 9800 

OGA2ATAATC ATCICEAA2C ATATCAAAIG TIACATGTAA GTTTCAGCIT 9850 

TAGAGACA2G AATIGAIAAG ATITAAAGTr GAAAGAOCAT GACICIAGTA 9900 

CTICCTGAGT AA1CAACIGA AGTATQCTIT ACACATCIGT TTCCCAAATr 9950 

GCIGACIGTT AA1TCIAAGT GCITGTGACr TGAAAGGAAG CACATGAIGT 10000 

TCAGGGAGGA AATTOCTTIT AAATICTGCA GGTCIAOQCT CAAAGTITAT 10050 

GCAGAGGTTC AATTCOGTCT AAGACAOGGG ATCAOCCATA GGGndGTT 101O0 

TTTAGTCCAT TTAATAAAAC COAACTGTA GTCT3CTITC TATGOCTITA 10150 

GGGTCATCTG AATAATCTGT TGCIAAGTCA TGTTOOCAAT OGTIGTGTTT 10200 

CTGITACAGG TGAAAAGCAA TCACAGTGIT AAAAGAAGGC ACGTTCAAAT 10250 

GAIQCAGGCT GCTCCTATCT TGGAAATTIG TICATTAAAA TIUIOOCAAT 10300 

AAAGCTITAC AGCCITUIQC AAAGAAGTCT TCCGCAIUTT TIGTCAAGTT 10350 

TATCTCIAGC TITITGATGC TGTGAAAIAT GTATCATICT TE3AAATCGT 10400 

GTATIGTAAC TCTCTGAGCT GGTAIGTAGA GACMCGITC TITI'ITITIT 10450 

' lLTl'lCmU TTIGTCCTCT TITGAGACGG AGTCTTQCTC TCIDGOCCAG 10500 

GCTGGAGTGC ACT3GCGCGA. TCTCTCCICA CTQCAACCCC GOCTOOCQGA 10550 

TTCAAGCAAT TGTdDOCTC AGCCTOOCGA GTAGCTOGGA. TEAIAGGCAC 10600 

CCAOCAGCAC GOOCTGGCIA AGT1T1GTCT TITIACEAGA GATGGTTTOG 10650 

CAICTIGGOC GGGGTQCTCT TGAACTCSCTG AGCTCGTCAT TCAOdGOCT 10700 

TGGCCKXEA AAGTQCTGGG ATTACAGGCA TCCAOGOCTC OG0Q0CGQGT 10750 

GGAGACAIAA TICTIACAIA. TTQGTITICr AT0CAG0QGC CTIGTGAAAT 10800 

ATOCTIGTCA. A3TCEAAAGT TIACTTCIAG GICGTTITCA GTCTICAATA 10850 

TACAGAAACA TATCATOCTG GAATAAGAQC AGTTTTGTTT COGOCATTIT 10900 

Tl ' mmTlT TOLTITIGTA LTITITI'JLGT AGAGAOGGGG TTITGOCATG 10950 

TTIOOOGGGC TGITGTTGNN NITTIGAG1G CAAGTCATGC AaX»CGTCA 11000 

OCTOXACAG TQCK3QGATT ACTQGOGTQG GCCAGGGGCXT ACCOGTGGCG 11050 

GGCOGOCJICG TIGOCAITGT AAAGAGTITr ATTFOCrnT CTGATITrAT 11100 
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GGGATTGCGC AGACOGACOC GTX&CAATCG TCACACTQGA CMCCITCTC 11150 

TTAICOCTGA TGAGAAAOOG AAAAATTICA ACATTTOGCC MOOMTCA 11200 

CTCTO LTITI ' TCTSIRGAOG GACTITATCA GftGTGAGICA TIGCA1TCT3 11250 

TK3ZAAATIT GCTGAGAGUV TICAITTGAA TAIAIGTTGA TTITCATCAA 11300 

ACAGTOGMC TA1TIOGAIT AOCACAQOGT 'ITmCOCAT TCATQGGITA. 11350 

AIATAGIGAA TT0GA3TCAT AAATTIGTAC GT1TJ.TAGGI TOGAITATTA. 11400 

AAACTIGAGA CAGOGTCICA CICIGTCACC GAQGCTQGAG TGCQCTGGTC 11450 

TTAICAGAQC TC 11462 
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1. Isolated nucleic acid molecule which encodes a GAGE 
tumor rejection antigen precursor, the complementary 
sequence of which hybridizes to SEQ ID NO: 2 9 under 
stringent conditions . 

2. The isolated nucleic acid molecule of claim 1, consist- 
ing of SEQ ID NO: 29. 

3. Expression vector comprising the isolated nucleic acid 
molecule of claim 1, operably linked to a promoter. 

4. Expression vector comprising the isolated nucleic acid 
molecule of claim 2, operably linked to a promoter. 

5. Isolated eukaryotic cell transformed or transfected with 
the expression vector of claim 3. 

6. Isolated eukaryotic cell transformed or transfected with 
the expression vector of claim 4. 

7. Process for making an expression vector capable of 
encoding a GAGE tumor rejection antigen precursor, 
comprising inserting the isolated nucleic acid molecule 
of claim 1 into a vector which comprises a promoter, 
wherein said isolated nucleic acid molecule is inserted 
into said expression vector in operable linkage orienta- 
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tion to said promoter. 

8. Process for making an expression vector capable of 
encoding a GAGE tumor rejection antigen precursor, 
comprising inserting the isolated nucleic acid molecule 
of claim 2 into a vector which comprises a promoter, 
wherein said isolated nucleic acid molecule is inserted 
into said expression vector in operable linkage orienta- 
tion to said promoter. 
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oxct 
OXGt 
CXGt 
CXGt 
CXGt 
GXGE 



GXCX*1 

cxci-3 

6XGX-4 

cxax-5 
cxct»c 



cxer-i 

CXfiCO 

OXCE-4 
OXGE>S 
OACC-I 



* fCtlCgMM3Jig 

CK*Tkr7TCXC\ZkZXiaXQ7TZCCZXC6 
»«»■» M PCf iCffCM? 

• *xc 

eeexcsac 



Tcrcrcwxjttg 

ncxcxcxc©>aTCttXG: 

tctotctcxxx 

TCTCTCtCXXX' 



tocw 



CTCTCXCOCXCTCCTCrSj-wWiV 
fcXGXTCCXCCrxrrXTrSGTCTXSSCtXXJ 
CTG?CXC5CX57SC73?CTC5rxCT5CCC 
CTCT5A50CX5 rCCTOSTCSTTCCTSCCC 
CTCTCl?5CX5?S;tC?CTCSTTCCTCCCC 

VDI44 



ICCOCACTCtT$T 



'CCTCtXCTCXCXtteX 
^ClCrXCTCXCXTTCX 



XX?X SCTtCXTC tW r c bs£XXCTCXTXT 
«CCSXCTCT7^TTCC?C^XCTCXCXTTCX 
TCtClXCTCTTrrTCCTctxCTSXClTICX 
WCCSXCJCIT^TCCTgrXCTCXCXTtCX 



VPS 43 




^xrs^ci«xcaa»Sr 

•SXrcfccCCtliXCCJLXOfCC 

xTrxnfoscn ffxpcxxescc 
xrixrrpcccrxcjkccxxccpcc 
xrrxrygcjyxfix&cxxibpftc 
xrrxr^^cctxxixccxwiiftC 



t*p n*xfc ^cccTccrcxxhbcxrrcccccT 
rx* rrxp »^c«ce?cxxk£cxTteMeer 



X!&CCCCCCCXSCXC;»X£t£XtaXX£f6 > 
XKCG&CCeClCCX^TCXmXKXXCTC 
XTC:CCCCCCXGCXC77CXmXTCXXC7C 

x?sce&ccccx£cx£77cx7rcx?exxcrc 

XK£66£?eaX&aG??CX£?GXT£UCtC 
XTCCO3ttCaC£X5WCXG?CX*CXX0TC 



CM c e^gCAXcxscrcxxaxxfiKaaccx BcxAcraukest dJ^Tgy t^ jaggg 
cx>xcx^x>^eeTGxxcxAccoaxxccx ccxxcTcxxccTcxs&xtccTccxsetoer 

CXXCCXeeXXCXCCTOXXaXXOflCaXXCCX CCXX£TeXXefit£XCCXTCCTCCXS«CCT 

cxxccxscxxcxccTqxxcxx c cs&xx e cx ccxxctcxxcc?cx£cxtcctocxcc*oct 
cxx ec xsexxcx ce tcxA&xxsflccuca ccxjctcx>ccrcxcGXTccr«xccTocT 
a xxcexcaxxex j ctcxxcxxscccxACcx ecxxcTCxxccTcxosiTccTScxacTccT 



OXfit-1 
CXCtO 

cxcto 

CXCr-4 
CXCt-5 
CXGt* I 



0X01*1 
OX0X*2 
CXCX-1 
0X01*4 
GXCX-5 
fcX5X-4 



CA£CXC5GACXCCX?SX£C3X0CXTCTCCX CCTCXXWGCCiXXGSSTCXXGC: 
CXCGXCSSX&X&CXTtA&SCXeCXtCTCCX 0C7CXAGC9CTGXXGCC7CXX&C 



XX5C 
,*XCC 



CX«*6CCXCXC5XtCXMCXCCXTC«CX «1CXX$C^axfiSCTCXAttTckTXaC 
Cx:GXCSCXCXC£XTCXGCCXfiCXTeTCCX OGTCXXMOCCSXX&maXXCCrpfTXCC 
CICWGCCXCXCCXTCXCCCXCCXJCTCCX CCtCXXSCCCCSXJLSCCTCXXttwjkTXOC 

cxMxc&axcxrcxTCxa^cAccxretccx ccTCXACGotcsxAccctaxxcrTT 



XTXOC 



cxssxxcxacaTCxcccxcxcACtcs^di 1 
cxsaxxcxoooTf rccxcxax&icccTCT 
cxc a xxexoooTcxexcxcxcxcTCCcyex 

CX©OXXCXAMTCXCCCXCXCxe«0CTCT 
CX0GXXCXO£CTCXC£CXCX£XC9COCT0r 
CXggXACXOQCTexCCCXCXaXCTCOCtCT 



VD£24 



CX£7S7CXXGXrC5rcr7^XTSS«CXCQX3 

5xiTCTiuaxTc:?ccwxrccs£xciio 
5X5:stcusx?ss::cwx^cccix5ixc 
ixCTC?cuGxw:?:trcxrci5CXfiGXG 

SXSr27CXXSX7CS7CCtCX7CSSCX5aC 

cx£?CT<xAtx?2s;c::cx;c£Ctt6sx6 



l{70aXCCCXCXXX7CCXGACSA&5t&XXX 

xyoaxccej.:cxxx?ccxcxwGcycxxx 

x|»£XCC£C£exXXTCCXGXG£XGG?£XXX 

xJrGixeccosixxxiccxcxwxjcrcxxx 

XrC£X£CCS££XXXKCXSXGCXCCtCXXX 

c p^x£ccc;exxx?ecx&XGexGGrcxxx 



XCCCCTCXAGXXC kCXTCXGTTCTCXeZXT 

ACCCCrCXACXJUG 

X££CCTCXACXXe ••••• 

xcccctcxacxxc 

xcccc7cxx0xxg 

x£ccctgxagxxg 



cxgx-i crrccccxcxcTGCsxrrcrcTGGCTrrxx XTcxxcxxTTceTTcrrxxxTcmccccx C£cxxxcci@n?cxcrcxjLXTXTCXMT 4 

cxsr*a f 4 

CXCZO * 7 • i 

CX6C-4 —•• I 

CXCt-5 • I 

CXCE*C — - * 4 



«A5t*i- oicaxaxaxccsrrTXCTccTXTcxtcra wosxrercxxfis ;cxx:cxcxc?«txxx xixx^^tSiaxxxr, 

CX0C*2 • ;CXXTCXClCT5t^^ X5XXMXf3Tf CXXXT 

cxai'2 • srcxxkxscxxrcxcxcTcr^x^ xsxxepj:. 

axai<4 -:?ax>Xx;cxxTcxcxcrc=^ xcxxccr 

cxei** * 5Tcxxkx;cxxtcxcxcrct^^ xcxxccL 

cxcs*« - - - |:TCxx^ L xpcxxTCxcfccrGTg^ xgxxc^ :, 




PSCXCGCTCCT 
SkTCCXCCCTCCT 

AVccxccctcc? 

G^TCCXCCCZeCT 
CXCCCTCCT 
CX6CCTCCT 



CXCI-3 

CXCC- 4 
CXGZ-5 



CCTXTSTTCCXAJ^tetCXT! 
CCTlTCrrSCXXX^TflTTCX 1 
CCTXTCW6CXlA.H«rtCX 



ccrxicrr Mxxjfet rrcx; 



iCTXwrrcc; 



xxx^ 



^XTcrTCCXjJkf riy jrTCX 1 



^TCX 




rCCCXXIXXX6;r7TXCX5CcrTCTCCXAA 

Tcccu:xxxccr?rx;x5:cncc5CXAX 
KCCUTXxx^crrrxcxcccrrcrccxAx 

TCCCXXTXXXCCttTXCXGCC^CTCCXJU 

fcccxxTxxxccTTrxcxc ccrrcrftcxxx 
tcccxxTxxxccr??xcxc:cr?crccxxx 
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cxcr-l 
cxsco 

GX5C-4 
CAGE -5 
GXGE-6 



antigenic 
peptide 




Qtd&nQTttLYZfkUlXClrkJQ X02PXXX0E3£2E£A£XGOGPXPEA 

cpxwrorn*vtPxip£rctPXTQ JcafxxxoEcrataxsxcocptPSA 
CPHRPtors^rvtpXTpnctfxTO *os*xxxoMH>KASAGocprpxx 

CPXKPtOrfi^rvXPXTPtKEPXTO KCDPXJaO£CEDESX£XCOCPCP£X 
CP*RPEOrtt>rvtPX:PrXCEPXT0 *0r*XXX0SCDB3Xf AOOC?KF£X 

opioptorgsrvipxifrccipxto *o:>PXXXQE2tt£cxsxaQGPSPtx 



7i 
75 
75 
74 
74 
74 



CXflr«l tCOWKPQTGCtCDGPMOJ 

cxst-a EEQ£0CXP0TC:CCOCPDC02 

CAC2-3 ifeOEC^PUTC^COGPDCOi 

GXCC-4 X»0*W2?QTCCES»GPOC01 

CXCS-5 C60rjCB?CT0CtCn>3PD05! 

GXGE-6 p paEQGKPOTSCtCPCPDCC 



P PKPCCVXTPLCDaSBTVXOTOZttr LLXKVCFLXIXPMCP 

* ftzpsmsraszuioc ...... 

p POTsrvrTPEifcrrosoc-** 

l*p FKPzrvKpnpriQSOC*** ... 

*OP pypirvxTPOTEKOSOC * 

ypp PKpxrvxtpxxbxiosQC 



lit 
111 
111 
111 
117 
11? 
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Figure £ Stimulation of MZ2-CTL 22/23 by COS-7 cells transiently transfected with 
an HLA-A29 cDNA and MAGE, BAGE or GAGE cDNA. The CTL was added after 24 
hours and the production of TNF was estimated 24 hours later. MZ2-MEL43 was 
used as a positive control stimulator cell. 
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Figure*. Lysis by MZ2-CTL 22/23 of lymphoblastic* cell line LB17-EBV incubated with 
GAGE-encoded peptide YYWPRPRRY. Thousand 51 Cr-labelled LB17-EBV target 
cells were incubated in 96 well microplates in the presence of various concentrations of 
peptide for 15 minutes at 37°C. An equal volume containing 6000 CTL was then 
added. Chromium release was measured after 4 hours at 37°C. We have indicated the 
final concentration of peptides during the incubation of the target cells with the CTL. 
The arrow indicates the percentage of lysis of MZ2-MEL43 cells. 
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